Effect of Giardia Infection on Growth and Psychomotor Development of Children Aged 0-5 Years
Summary Giardiasis, an intestinal protozoan infection caused by Giardia intestinalis, is common in southeastern Anatolia, Turkey. In this cross-sectional survey, to investigate the role of giardiasis on growth and psychomotor development, we studied 160 children aged 0-5 years. Data were collected using a structured questionnaire, anthropometry, Ankara Developmental Screening Inventory, and laboratory analysis of fecal samples. The results showed that 50 per cent of the subjects were infected with at least one pathogen of intestinal parasitic infections. Giardia intestinalis was the most frequent pathogenic parasite. Giardia-infected children had a risk for stunted (OR = 7.67, 95 per cent CI = 2.25-26.16; p = 0.001) and poor psychomotor development (OR = 2.68, 95 per cent CI = 1.09-6.58; p = 0.030). The data indicate that Giardia intestinalis infection has an adverse impact on child linear growth and psychomotor development. In the primary healthcare centers, during the programme of the monitoring growth and developmental status of children, following children in terms of Giardia, diagnosis and treatment will have a positive effect on child health.
Sezgin and Erol and was a culturally relevant device that would yield an index of developmental status of children. AGTE is a measurement tool that evaluates 'general development, cognitive language, fine motor, gross motor development, social and self help skills' of children between 0 and 6 years of age. AGTE has high correlation with Denver Developmental Screening Inventory. This inventory consisted of 154 items answered by mothers as 'yes' or 'no'. If a child received a score of 20-30 per cent lower than the average age level from at least two sub-tests, then s/he was classified as having poor psychomotor development. [11] [12] [13] In order to assess the association between nutritional status and Giardia infection, we obtained weight and height information for all children. Weight was measured using a calibrated spring scale (0.5 kg scale), and height was measured using a supine measuring board (0.1 cm scale). Height measurements were done in babies younger than 2 years old when they were lying down, and the height of older children was measured in the standing position. Weight-for-age, height-for-age, and weight-for-height measurements were calculated using the EPINUT program of Epi-Info. This compared the subject's measurements to international National Center for Health Statistics (NCHS) growth reference curves. The cut-off point used to identify malnourished children was less than -2 standard deviation units (SD) below the NCHS reference median. Children whose weight-for-height, height-for-age, and weightfor-age fell below -2 SDs were classified, respectively, with acute malnutrition (wasting), chronic malnutrition (stunting), or global malnutrition. 14 The parents were asked to collect a stool sample from their children early in the morning after the day of assessment and this was analysed for the presence of intestinal parasites. After gross examination of fecal sample characteristics, a direct wet smear was prepared by emulsifying 2 mg of feces on a glass slide. A drop of Lugol's solution was applied to the first half of the split sample and isotonic solution to the second. The samples were covered with a coverslip and systematically observed at low (10ϫ) and high magnifications (40ϫ) with a light microscope in order to identify the presence of mature parasites, cysts or eggs.
In addition to these, a structured questionnaire with open-and close-ended questions, which was developed by researchers, was used for the collection of socioeconomic, environmental, and demographic data about the children.
Data analysis was carried out using SPSS statistical package. Association of factors with giardiasis and other intestinal parasites and psychomotor development and growth was tested using the 2 test in univariate analysis. Logistic regression was done to find out 'independent' effects of demographic, social, and environmental factors on growth and psychomotor development.
Results
The study sample comprised 164 participants aged between 6 and 60 months and the response rate was 98 per cent for AGTE, questionnaire, anthopometry and stool samples. The mean age was 25.9 ± 15.2 months, the median was 22.5 months, and 51.3 per cent were male. Eighty children were infected by intestinal parasites: 46.7 per cent were G. intestinalis, 41.9 per cent were Enterobius vermicularis, 8 per cent were Ascaris lumbricoides, 1.9 per cent were Entamoeba histolytica, and 1.9 per cent were Trichuris trichiura. Protozoan infections were common with G. intestinalis.
Among the 160 children who participated, 26.9 per cent of them were stunted, 8.8 per cent were underweight, and 2.5 per cent were wasted. Table 1 indicates that children infected with G. intestinalis were significantly stunted and underweight compared with the other parasites and non-infected children.
As seen in Table 2 , only giardiasis were associated with a significantly increased risk for stunting (OR = 7.67, CI = 2.25-26.16). No significant association was Nearly 16 per cent of children in the sample had language-cognitive delay, 17.5 per cent of children had fine motor development delay, 9.4 per cent had gross motor development delay, and 10.6 per cent of children had social skills-self care development delay. Table 3 indicates that there was a significantly relation between giardiasis and poor language-cognitive and fine motor compared with children with other parasites and healthy children. However, no significant associations were identified between gross motor and social skills-self care delay and G. intestinalis. Table 4 shows the results of the bivariate analyses that investigated the risk for the low psychomotor development. As indicated, giardiasis (OR = 2.68, CI = 1.09-6.58), above the age of 24 months (OR = 3.45, CI = 1.48-8.03), stunting (ORE = 3.60, CI = 1.60-8.08) and inferior hygiene, as reflected by no hand-cleaning system after toilet (OR = 2.63, CI = 1.15-5.98), were associated with a significantly increased risk for psychomotor development delay. No significant associations were identified between psychomotor development delay and child gender, number of siblings, birth space, or education of parents.
Discussion
We found that half of the study population was infected by intestinal parasites, with G. intestinalis the most common. This finding is consistent with other studies conducted in developing countries and in different geographical area of south-eastern Anatolia. [15] [16] [17] In the present study, the children with Giardia had significantly poorer growth with stunting and wasting than children with other species. The relative odds of low height-for-age are about 7.7 times higher among children with giardiasis. Several authors have reported significant reductions in the linear growth of Giardia-infected children. [3] [4] [5] [6] 9, 18 In contrast to these findings, some authors have reported the lack of a significant association between giardiasis and stunting in young infants 19 or older children. 20 While differences in study design and methodology may be responsible for some of these between-study discrepancies, population differences in infection intensity and burden, and nutritional status, may be relevant.
Only one study has been published which documents the intestinal parasite associated with psychosocial development. Oberhelman, et al., 9 have reported significant association between language development and infected children with Trichuris. This is the first study to examine directly the relation between psychosocial development and giardiasis.
The odds of having poor psychomotor development are about three times higher among children with giardiasis, about 3.4 times higher among children older than 24 months, almost three times higher among children living at home and having no hand-cleaning system, and 3.6 times higher among children having low height-for-age. Giardiasis appears to play an important role in the psychosocial development delay, especially on language-cognitive and fine motor development. Some studies have been suggested that giardiasis may cause nutrient malabsorption and other adverse changes. [3] [4] [5] [6] [8] [9] [10] 18 The resulting delays in psychomotor development may be exacerbated where malnutrition is already present. The present study did not allow for the definitive determination of whether infection itself augmented the risks for psychomotor development or malabsorption of micronutrients, decreased hemoglobin, or whether malnutrition increased psychomotor development delay susceptibility. Prospective cohort studies are needed to clarify this question and the mechanisms responsible. In addition, follow-up of children in primary care in terms of Giardia, diagnosis and treatment will have a positive effect on child health during the programme of growth monitoring. 
